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priori grounds, for, as Nernst and Schoenfliess put it, “we can 
with certainty regard A x  (the error) as a small amount, other- 
wise the whole measurement would be illusory” or as another 
writer puts it “there are no large errors;” that is, the method 
of least squares is not applicable where errors are large. The 
errors in Mr. Bailey’s large table of analyses run up to almost 
40 per cent. of the to a1 ash. These are large errors and conse- 
quently the so-called probable error does not comply with the 
definition, which is “ in  any series of errors the probable error 
has such a value that the number of errors greater than it is 
the same as the number less than it. Or, it is an even wager 
that an error taken at random will be greater or less than the 
probable error.” Of 193 analyses 111 are greater than Mr. 
Bailey’s calculated probable error and 82 less. The formula 
for possible error is, except for the constant, the same as that 
for probable error and must likewise be rejected. 

A t  the time of the appearance of the paper I suggested to Mr. 
Bailey, in private correspondence, that 1300 experiments were 
insufficient to demonstrate the thpory of probabilities. Mr. 
Bailey replied that the smoothness of the curve obtained, was 
good evidence that the e,xperiments were sufficient. In  the 
paper Mr. Bailey describes the curve as  being like a parabola, 
but the pojnts determined do not fit into the equation for the 
parabola and calculation shows that the curve is, in fact, a 
broken line. Furthermore, the figures obtained prove them- 
selves inadequate. Varying numbers of pieces of whitened 
coal were sent over the riffle sampler. The pieces found on the 
right side of the machine were counted. Each set was sent a 
few hundred times. When four pieces were used the maximum 
number found was four; the minimum none. When eight were 
used the maximum number was eight, the minimum one; when 
sixteen were used the maximum was twelve the minimum 
three. Judging from the experiments with eight pieces it might 
be supposed that the machine was untrue and threw to the 
right but the next experiment showed that this was not the 
case. 

A few simple experiments will give an idea of the difficulty 
of proving the theory of probabilities. 

A coin was tossed 5 0  times and came up heads 26 times, 
tails 24 times, and at no time were the heads and tails equal. 

A die was thrown 96 times, the faces came up as follows: 

The experiments were obviously inadequate. 

Face.. ............... 1 2 3 4 5 6 
Times . . . . . . . . . . . . . . . .  13 18 12 9 26 18 

I have at my disposal a record of 9000 poker hands actually 
dealt. 

Theory demands that 50.f2 per cent. of the hands should have 
been worthless, whereas 51.42 per cent. was the figure actually 
obtained. 

A consideration of these figures and of the’greater complexity 
of the riffle sampler problems make i t  evident how 1300 experi- 
ments must be. 

I n  conclusion I wish to protest most vigorously against the 
phrase “ size-weight per cent.” 

The only excuse for the coinage of a new word or term is the 
birth of a new idea. 

There is absolutely no idea intended to be conveyed by this 
phrase which is not entirely covered by the one word size. 
Size must, of course, be expressed in regard to something else 
and Mr. Bailey had a perfect right to express the size of his 
largest pieces in percentages of his sample before dividing, 
and with this word of explanation the cumbrous phrase might 
have been avoided together with the numerous explanations 
which it required. 

Mr. Porter says that there is a prevalent idea that the larger 
the sample and the smaller the pieces the better. This is more 
than a prevalent idea, it  is a fact. Both gentlemen have done 
well to emphasize this fact; but that  they have shown any 

relationship which can be expressed in a mathematical equa- 
tion, can not be maintained. FRED. C. WELD. 

LOWELL, MASS. 

EXPLOSIBILITY OF COAL DUST. 
The recently created Federal Bureau of Mines has just issued 

a bulletin on the explosibility of coal dust, with chapters by 
J. C. W. Frazer, Axel Larsen, Frank Haas and Carl Scholz. 
The bulletin was prepared by the Technologic Branch of the 
United States Geological Survey, which is now a part of the 
Bureau of Mines, and therefore will be known as  Geological 
Survey Bulletin 425, but will be distributed by the Bureau of 
Mines. The author of the bulletin, George S. Rice, chief mining 
engineer of the Bureau, goes fully into one of the most serious 
and most perplexing problems that the coal mines have had to 
contend with in the last few years. He traces the growth in the 
belief in the explosibility of coal dust, summarizes the experi- 
ments and mine investigations that have established this belief 
and gives the present status of preventive measures. 

In the introduction, Mr. Rice says: “Only within com- 
paratively few years has the dry dust of bituminous and lignitic 
coal been generally recognized as an explosive agent more 
insidious, threatening and deadly to the miner than firedamp. 
Firedamp carries its own flag of warning-the ‘cap’ in the 
safety lamp-but coal dust, though visible, does not attract 
attention until present in large quantities. Firedamp is of 
local occurrence and except in notable and very exceptional 
cases is controllable by careful manipulation of the ventilating 
currents. If by mischance a body of firedamp is ignited in a 
mine, the force of the explosion is terrific, but the effect is 
localized unless dry coal dust is present, or unless (as it very 
rarely happens) an explosible mixture of methane gas and air 
extends through large areas of the mine. In  a dry mine dust 
accumulates everywhere, and the blast from the ignition and 
combustion of bituminous dust may traverse miles of rooms 
and entires and wreck structures at the entrance of the mine. 
The comparative potential destructiveness of gas and of bitu- 
minous dust is strikingly shown by the history of the Pennsyl- 
vania anthracite mines. These mines not infrequently have 
large inflows of gas, and the resulting mixtures of gas and air 
have sometimes been ignited, yet no such wide sweeping ex- 
plosions have taken place, despite the presence of dry anthra- 
cite dust, as have happened in excellently ventilated bitu- 
minous mines.” 

Mr. Rice reviews the experiments into the explosibility of 
coal dust in foreign countries and dwells at considerable length 
upon the attitude taken in France by the engineers, who, until 
the great disaster at Courrieres in 1906, which cost 1,000 lives, 
did not believe that coal dust would explode without the presence 
of firedamp. Since that terrible disaster a testing station has 
been established in France and now the French engineers are 
fully convinced of the dangers of coal dust. 

“The coal dust question in this country,” continues Mr. 
Rice, “can not be said to have awakened wide-spread interest 
among mining men until the terrible disasters of December, 
1907, which resulted in the death of 648 men. In response to a 
demand by those interested in coal mining throughout the 
country, Congress, in 1908, made an appropriation for the in- 
vestigation of mine explosions. The United States Geological 
Survey was charged with the investigation. A testing station 
was a t  once decided upon and was established at Pittsburg, Pa. 

I ‘  While it is probable that for several years the leading mining 
men in the country have believed in the explosibility of coal 
dust without the presence of firedamp, yet until the public 
demonstrations were given a t  the testing station a t  Pittsburg, 
during 1908-’09, and reports were received of similar tests 
made abroad, a large proportion disbelieved. These tests were 
so con,vincing to those who saw them, and such general pub- 
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licity has been given to them, that i t  is now exceptional to find 
a mining man who does not accept the evidence of the ex- 
plosibility of coal dust. The question of the day no longer is 
‘Will coal dust explode?’ but ‘What is the best method of pre- 
venting coal dust explosions?’ ’’ 

The following are some of the tentative conclusions of Mr. 
Rice on the dust problem: 

“That coal dust will explode under some circumstances, both 
in the presence of firedamp and without it,  is now generally 
accepted by mining men. The writer fully agrees with this and 
takes the following views of the explosibility of dust and the 
conditions necessary for explosion. 

“Experiments a t  Pittsburg indicate that under ordinary 
conditions the dust must be from coal having a t  least about 
IO per cent. of volatile combustible matter, though in certain 
foreign experiments, it is claimed explosions were obtained with 
charcoal dust. 

“ Dusts with higher percentages of volatile combustible 
matter are more sensitive, ash, moisture contents, and size being 
constant. This view is based partly on the preliminary ex- 
periments at Pittsburg and on the results of experiments of M. 
Taffanel and other foreign investigators. Where there is a 
large amount of dry coal dust, judging from the Pittsburg ex- 
periments, a humid atmosphere has little effect on ignition of 
dust or propagation of an explosion. A long continuance of the 
humid conditions renders the coal dust moist and inert, but the 
presence of moisture in the air at the moment of explosion is not 
sufficient to prevent an explosion; that is, not enough moisture 
is carried by the mine air to reduce materially the temperature 
of the flame. Fully saturated vapor at 65’ F., an ordinary 
mine temperature in this country, weighs 6.78 grains per cubic 
foot (15.5 grams per cubic meter). Coal dust suspended in 
such a saturated atmosphere in a cloud of moderate density 
weighs, say, 200 grams per cubic meter. A t  the figures given 
the weight of vapor is but 7.8 per cent. of the weight of dust. 
The Pittsburg experiments with wetted dust showed that several 
times this percentage of moisture in the dust, in addition to a 
nearly saturated atmosphere, was required to  p.revent propaga- 
tion. 

“Probably with a low dust density, the relative humidity of 
the air would be an important factor in tending to prevent the 
initiation of an explosion. However, the great purpose of 
artificially humidifying mine air is that it may serve as a vehicle 
for carrying water to the dust.” 

Mr. Rice concludes by reviewing the various remedies that are 
offered for the coal dust problem, giving the good and bad points 
of each. 

This bulletin may be obtained by addressing the director of 
the Bureau of Mines, Washington, D. C. 

A N D  ENGINEERING CHEMISTRY.  Oct., rg io  

applied chemistry. In connection with the five volumes of 
Dammer’s “Handbuch der Chemischen Technologie” they con- 
stitute an invaluable aid to the student of industrial chemistry. 
The subjects thus far treated are: water, liquid air, ozone, 
hydrogen, sulfur, selenium, carbon bisulfide, carbon tetra- 
chloride, sulfur chloride, thiosulfates, hydrosulfites,’ sulfurous 
acid, sulfites, sulfuric acid, Stassfurt salts, salt, soda, sodium 
sulfate, hydrochloric acid, chlorine, calcium chloride, potash, 
saltpeter, nitric acid, air nitrates, ammonia, iodine, fluorine, 
carbon dioxide, cyanides, borates, phosphorus, the alkali 
earth salts, aluminium salts, artificial precious stones, rare 
earths and glow-lights, electric glow-lights, peroxides, carbides, 
silicides and explosives. 

Van Nostrand’s Chemical Annual. By JOHX C. OLSBN. 
Second issue, 1909. Cloth, Izrno. pp. vi + 580. New 
York: D. Van Nostrand Co., 1909. 
In  the second issue of this well-known book of tables the 

pages have been increased from 496 to 580-those devoted to 
chemical and other tables from ‘415 to 465; the rest of the in- 
crease is in the pages devoted to the review of chemical litera- 
ture. The frontispiece of the book is a portrait of Mendelejefi 
and on a flyleaf there is given a sketch of his life. The tables 
have been used by a large number of chemists since the first 
issue was published and have been found accurate. The table 
for sulfuric acid by Ferguson and Talbot adopted by the Manu- 
facturing Chemists’ Association of the United States is included. 
If any suggestion mere to be made i t  would be for a more compact 
form with thinner paper and flexible cover for the next issue 
of the annual. 

Price, $ 2 . 5 0  net. 

BOOK REVIEWS AND NOTICES. 

Chemische Technologie der Neuzeit. Liefering, I ,  2 ,  3. Edited 
by Dr. Otto Dammer with the cooperation of 49 experts. 
Stuttgart: Ferdinand Enke, 1910. 
The volumes on chemical technology which are being pub- 

lished under the editorship of Dr. Dammer, to complete and 
bring down to date his large five-volume work issued 1895-1898, 
are excellent. Three volumes will complete the work which 
has the title “Chemische Technologie der Neuzeit.” A few 
sins of omission may be charged against the chapters which have 
thus f a r  appeared, but these are easily excused in consideration 
of the difficulties in the way of securing authentic, accurate 
detailed information concerning modern chemical indu~itries and 
processes. This work represents by far the best attempt which 
has yet been made to give the student and reader accurate 
information in regard to the recent developments i s  the field of 

Fuel and Refractory Materials. By A. HUMBOLDT SEXTON. 
New and Revised Edition. Izmo. pp. x + 364 New 
York: D. Van Nostrand Co , 1910. 
The changes in the present edition are chiefly in the chapters 

on gas producers, pyrometry and coke ovens. In  describing 
modern plant and apparatus i t  has been found necessary in 
order to save space and also because of lack of interest in the 
older forms to omit many of these. I ,  
Combustion; 2 ,  Heating Power of Fuels; 3, Fuels, Wood, Peat, 
Coal; 4, Solid Prepared Fuels; 5 ,  Coal Washing; 6, Liquid Fuels; 
7,  Gaseous Fuels; 8, Recovery of By-products; 9, Furnaces for 
Metallurgical Purposes; I O ,  Furnace Operation; I I ,  Pyrometry; 
12, Calorimetry; 13) Utilization of Fuel; 14, Testing Fuels; 1 5 ,  
Refractory Materials, Bricks, Crucibles. As the table of con- 
tents indicates, practically all of the book is devoted to fuels 
and furnaces and a small part only to refractories. There are 
104 well selected illustrations representative for the most part 
of English design and practice. Under calorimetry Parr’s 
calorimeter is omitted. I n  general an excellent textbook 
brought nearly down to date. 

Price, $2.50 net. 

The chapters are: 

The Bureau of Standards has issued two circulars of the 
greatest interest to chemists. Circular No. 25 is entitled “Stand- 
ard Analyzed Samples-General Information.” This bulletin is 
published for the general information of those interested in 
standard analyzed samples; it  is divided into the following 
parts: Introduction, Function of Standard Analyzed Samples, 
History of Bureau of Standards’ Samples, The Choice of Stand- 
ard Materials, Preparation of Materials, Uses of Standard 
Samples, General Considerations, Standard Analyzed Samples 
issued or in preparation, Summary of Analyses, Ordering and 
Shipping. Under the head of “Uses of Standard Samples” the 
circular states: “The principal uses of the bureau’s analyzed 
samples appear to be as follows. In  the settling and 
avoiding of disputes between buyers and sellers. Such dis- 
putes very frequently arise through the selection of inappropriate 
or faulty methods of analysis by one of the chemists, and the 
analysis of a standard material usually brings these to light 

First: 


